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“ * d? ths lyvEirrio.v 

. ... ThiS inv «ntian is concerned broadlv with *h 

inhibition of pathological or undesired ce” Q - -i 

ia =a “ ai5 *y U£e ot a new growth -« nh « b < - .• 12 * growth 

5 Mors spec' --•-=» n v ng coaposicion. 

3 - P ~ e Present invention - s d<r a , PaH 

qrovth-inr ; b'’*“'-irr ~ 5 c — ec =red to a 

i*—o--*ng composition coaarisi-a , Kc,.w n 

cyclcde^-n Privative end a Xetent „ 

inhibiting cocpound, end do th. usa o' - Vs - 

inhibit Uhdasirad or pathologic*! groJtT ^^1°^°'' “ 

, 0 angiogenesis which is associated with, i«e- 

Of aalignant tumors. ' ~ a ~ la ' the growth 


2 . 
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«ssm!L^s^m mLoif o ? 

Angiogenesis , the 

blood ve 3selS/ ia i _ =cor - ant . g of nev capiu ary 

developaent of the cabryo, foraati Pr ° CS33es as 

healing of wounds. r t *"* ° n of tha corpus luteua and 

I pathological processes such ll 2 co “P°"ent in 

iaaune responses, and necalasia i" I inf laca *tion, certain 
angiogenesis is induced by ' ‘'‘ OU aCCe P te * that 

13 necessary for th*i>- con^nu^ * <?nant ’uaors and that it 

a!- recognized that" It ia 

number of cphthaaologicai cathm i ° * maj ° r coa P°nent of a 
diabetic retinopathy, retrole t includin S auch as 

9 lsuo=oe. AdditloneUy IngicgLes^TilT^ and "=°vesoular 

rs^rsrr * a * 

=npi!iery growth onn destroy joint oa^-n' ^ 

m which nbncmal cacUia- o L ! ~ ttila,0! ;»*«nogie Ms . 

«* «» P«. i« Cor ‘ to‘n r Uf * raWon «»"» 1" -.-bom, 

davol «-P in the nasopharynx^ ZZ 4n,i ° tiSroa4 * “»*«> 

Pinlicorntion and nh-ddino F "° ria!111 " ln "hich excessive 

n-diing ,., v/ t0 dependant en abnaI _ ja ‘ 
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pi ary growth m the derais [see v Q : t_ 

Science 225:442 ( 13 s?)]. * * taan and Klagsbrun, 

It has been previouslv disc~vei-»* „>. 
heparin -agents) and corziione wiu‘-o ‘“^ (<=r 

.5 ^-hihit angiccenes •' s -s • • U "°~ act together to 

. ^^ene^s. *lus is described in n - 

Application Serial Vo. * 41,305 filed Vag^ 

conics of which are incorporated here^ bV ^ ^ 
adainisterad together i- c n ic « „ 1>h Y ieferencs - When 

this ocnbination ca „ kindS ° f 

,0 capillary vessels that suooo-^ t ** ~° n ° f essentia l 

Che collapse of the bleed" *"i Un ° r grovt h, end can cause 
A -view of the h“s tot ^ ”"»«■ “* -ot s. 

subj ect natter is confined tttt^ "* ° f ~ latad 
Vessel Growth Regulated i n ,, c _ P lcatl °" 'How is alood 
,5 (S.H.A. Clowes f ,Incrt N « gl -tic Tissue?. 

«*«„ (19M) tha'eontttst; tch 

™ :::t * rr- *- 

-os net have the a blU ." tg “7”^ *’“* «•* * itself 
:„ haa been reported in Sh^ih et' al V^^l^ “ ' 

57:769 (1376) that 6 o- aet hvl n— i ■ ^ InSt * 

<uppr..s.w tuner angiogenesis intact 

certain conditions, but tuner growth^! not pOU=,1BS Under 
ccher publications have r ’ ,0t “topped. Many 

» ««" in the presence' o a“ "t ° f C “=ors 

tiro bean reported I^T.TtLt'T 1 ’""* 14 *“ 

I 2--176 ( 1961 ) j that nedroxyaroco. ,• ' ^ *" *““• Sci ' USA 

a losaor extent coral-,-, 1 rone ' dexaaethasone and to 

rabbit corneas. 8n9i — * 

ineffective. ~ nd tesc °steronc were 

*izz? e *:Tzz ° !rtain ° ther - now 

together with heparil « eHT-' "T*’’™*" “^-tered 

effective steroid, hav w G ^ ac * n L 'rag,aents . The , 

dependent" >**" t. as "heparin- 

° P ” rin «“ ^ un tii now, unigua in its 
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effect. The findlr.< 


ind the character of desirable 


ues arable 

angiostatic steroids hss bean diseased in -A Mew class of 
s.arofds fnnsbits Angiogenesis in the Presence of Heparin or 
Heparin Pregnant', R. Cron, 3. szafco and J. , 0 lw al! 

5 ::;;r 22 f i ” s <i?s5); in j. 

; n IB?b * r ' *““ ta of •»*“* »*«« (imt, 
*ncvr?o*ac E d herein oy reference for background purposes 

* a d ° nstl — ° d 

10 several nannalian species. Chenically* I’toTb" 25 ? 2115 “ 

as a , glycos , dicaily linjcad sulf /; e ;;:;; i -;; d ™ 

gluccoanms and D-glucuronic arin u 

has been used clinically ns an anticor^' alth ° U?h he - Darin 
century , both the exact ^ ^ * 

15 nature by which it acts in bl h • P3rin and the Precise 

tCen d ^ sc °vered . Much'of the difZ^llT TnTT ^ 
structure of heparin results f r •* determining the 

that it is not a hono-eroou- " °° 1 3 con P 1<iX1 ty and the fact 
Heparin is 

ai °ut 5,000 to 40 , 000 . a " "•*** range fro* 

structural variations *„ C h as theT^- Ch3in ' th ° rB * re also 

23 “ er ° id t0 i^lt a en5^I^L^.uIt,°--oa P to in “ 

d-panns manufactured bv d ,„ “ tha f ac - that 

cobpanieo revealed guir, difflrent ZT^ different 
-=?ite similar anticoaguiant^^^ " lan910genif! acti viti es 
composition of CGaaereial hs ■ 1 1GS ‘ Th ® precia e 

30 oa its source and method of *anufac dependin 9 
°ay be combined with cortisone to inh^’- hepa rins 

e Parms are not effective a3 „ u h 1 ^ angioganes is , other 

; h n - d - *> ^ effective m'ay b : r • ^ ^ ^ *»P«in. 
that ^-istration aay cau ^ Mgh d °M 

35 anticoagulant active. - ' ‘ * ° bl, ’ as d «e to the 

“ " ' oi: heparin. \ 
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JCCORd disadvantage 


is 
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that vhile lieparins apparently can • u • 
responsive tumors when administe-ed^th' ^ ° f 

and proper ratio to steroid, and 'even d ° S<! ra "^ 

somewhat high., doses and ratios; heparin " 9r “ o10 " - 

S resumption of rapid tumor growth wh C “ al *° cau « 

higher dose levels and ratios^ s-“ 1 **- 

presence of both positive and n T!la ^Parent 

angiogenesis in h ;„ a „ in * and . "native regulators 3r - 

administering the Irug. *n IZTtlZTT*, " 
from the anticoagulant activity . “^advantage derives 

U “ to low dosage ieveis or to' oral reStrictln 9 its 
to avoid bieeding. rinaUy ba “"nrstratien in order 

the corneai membrane, it cannot h eparin oa.nnot penetrate 
a«=rior of the ^ app ^ d to the 

5 activity. ... ® ?lr9d antiangicganic 
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. , 2 ‘ 2 ' cycLopsyraTMa 

aa CD or CDs the s ingul ar f and t0 f ° r conve "^nce 

are cyclic oligosaccharides consistil 151 ,” 1 ' reSpac ' :ivel i') 
glucopyranoae unit«* » 1 *. H ^ at ^ e ast six 

glucopyranose uniti „e ^ Up to 

have been studied extensive”' “h thr ° a hon oiog= 
ample, well-defined chemical hava the 

The common designations of t»o\ ove T\ 1(A > ' 

and 7 — CDs are used throughout this “° Ular woi 9 h t 
reJ « to the chemical specification and win 

n =»6 7 -itrucrure 3howr, in pjc , > . 

6 ' 7 ' or a glucopyranose unit-* 1(A) Wheroin 

discovery of the CDs as h 0 "a *' • The initial 

fade at about the tum of the ’’ T Pr ° dUCt= o£ =tar=h was 
that these compounds could be ore UrY ' ^ 3chardin 9“r showed 
fia£iilus nacerans amylase „ by th< = adt ion of 

the compounds are often refe"^^^ In ° ld ° r Uter =ture, 
They are also sometimes called “ s =hardinger dextrine. 

" called cycloamyloses. 
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-•cpographjcaliy, the CDs nay be -e— oe 
torus, as .hown in ?ic. i( 3 ), the usoer -V* J***? “ * 

Via primary -cr^OK groups, and the Icier ria . ”^ Ch 1S Uned 
hydroxyl groups. Ccaxiailv a , <-*.* ..,•-* . s C;i —ndary 

5 Ch.nn.l-Uk. cavity of anew 5 , 6 or 7.5 a'u T“ ** * 

c a- . and *r— fer 

' ' ' - 1 7 ^ S ' respectively . Thes* « av ,^. 

cyclodextrins capable — - • ' K " es make the 

-d^dui . c _ aOramg inclusion „ 

hydrophohic .guest uolecules of suitable 0^™^ 

A reasonably large number of CD der-v,f. 

,0 Prepared and described in the literature. \ been 

chemically modified CDs are formed by re>'~ - ■ " 9e " era1 ' thesa 
° r *«“ nd «ry hydroxyl groups attached to'-CJT OI 
"l*- 1<A ”' disturbing the . (1 4 TV' = * 

linkages . a review of such preparations < . ho ”ldcetal 
IS 'Tetrahedron Report Number 147 gxvsn In 

Modified Cyclodextrins", A .p. croft ^ - d -^lcally 

Tetrahedron 39(9) : 14 i 7 . 1 4 71 , " ' Sart3cl1 - 

• \j-yoj; , incoirco t- 0 -a w 

reference for background (hereinafter -efl-^H ! by 

■Tetrahedron Report Uo . 147*) , “ d to as 

In particular, , r_ , 

shown as Compound Nos.'^ ' 203 " (Na «“) arc 

Report H =. 147, (aH2S2) - Tetrahedron 

7 923,704 to aerger describee ^ o™r ^ P#t * nt 

-Uates. u . s . Patent „ <02o _ iso ;o r ^ : - - cycloamylose 

25 ;r nt 4 ' 247 ' 5:,S and 4-258,130 to w'J at U - S - 

i^Hh 30 ° f ”° dlfied =/dl°de«ran sulfates a-’ d i=close 

inhibitors. u.s. patent 4,383 992 £o , , co "P‘«=«nt 

Preparation of a water-solubl- inoi ■ ? ' describa = tho 

ereroid and unmodified »- cv i "a 313n C '^« o( a 

30 Rihha discloses the tdminUtr^Iln' . 1 '* ' ***** 

-real route) of ear hofnonos latlo .Url"! « 

=, ? e = ta rone and estradiol in the fo-n - ' ' estost »»no, 
compounds with hydro ;7 p rcJpyl ' > * lr Elusion 

foregoing roferencos arc believed to Y ~ J ~'- 0 - H °ne of the 
5 applicants' invention as described hnd' oLL;.,rna ro 0 ^ iOU!i 
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J • ADVANTAGES n -. T ___ 

We * lav e now found th~t ~ — jj fVZNT I o ,y 

-iabie , erlvatives of l :'rr a ' n vat .. 

. !;! at!ler Vi:h * grcvth-inJiibit ’> S "***** 

o -isone or hydrocortisone o- with ‘" 9 SCeroid »»=!> as 
inhibiting or„ nic conpcund .«*«<„*, groweh- 

-tdoot exhibiting the ««M* angiogenesi 

One of the objects of toe o P Parties of haparto. 
Provide a novel corpcsition incl ' nvantion is to 

cyolcdextrin and a growth-inn ibAnT " dGriV “ iva a 
corposition is effective for inhibil' C ° mPOmd ' ’ whic *' 

9ro«h, especially angiogenesis 9 =611 ° F tissu * 
mammals, including humans. ' ^ * treatin 9 tumors, in 

Another object of +-k- 

,5 Pharmaceutical preparetlons ' * *° provide 

cyclcdextrin derivative. ..^1"“* ‘ hl9hly 

' “ d ° r steroid ==»po U nds CyCl0d6Xtrin SUlfata 

Another object of th« 

a method of treating diseases ^ t0 provide 

20 characterized by angiogenesis by inhibit aSS ° Ciat * d or 
angiogenesis i n mammals inel nhib ^mg undesired 
treats. *' lncluc ^ hunans, in ne#Jd cf such 

A further object ol » 

provide a method for troatin inV ° nti °" - to 

25 having a tumor burden to a- 9 mamiaals ' including humans, 

tumor masses. ' ^ and/0r *» regress growth of 

These and other object- „ 

Present invention win become^a^/^ of 

hQ art u P° n reviewing the folio • " Ch ° 3e skilic d in 

Clairs. following description and appended 


30 


This invenuon 2252 ^^^ 

undcsired or pathologic Ac!v * C °" POSitid " 


35 angiogenesis) i n 


mammal: 


ton inhibiting 
or tissue growth (including 

d compos i tier. 


■' lnc iuding humans , sai 
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25 


-P--ir.g dc^ve agents consisting essential! 
water-soluble derivative o* Q - * lly ° f (1) a very 

combination vi*H f2 i , ‘ ' ° r ^^lodextrin in 

— n wiJi (2 a latent growth-inhib* timr = *. 
non-steroidal gr c vz ~ „ ^-ting steroid or a 

organic compound 
mis invention furtho- P nd ' 

undesired or pathological cell 17 v a * ***** °* *"«**** 
angiogenesis) in nasals, including human- U ? ClUdin * 
administering thereto a g-ovt^nj*-™ ' C ° nprisin <? 
agents consisting essentially of (i) ° f 

derivative of Q - a- evr , Very w ater-solubl e 

- . ««* 

Srpvth-inhibiting organic expound Thi no "-««oid al 

invention can be accomplished eithe- b ^‘." Ctllod ° f «« 
agents and administering the combination"™* ^ ^ * Ctiva 
°r, alternatively, hy administer- -g eadh * "“S 1 * rOUta 
separately and permitting the cclb’ina- - “ tha aCtiVe agents 

bonding to the alternative JL 2 *° *“* 12 ^ 
oe administered separately v -’a the ° active agents can 

" 1C " 9 “ *«» ^ents are 

s-ultaneeusly in combination i„ vl ° o Pr “* nt 

This invention further provides a neth e 
angiogenesis i„ mammals, including h ° £ inhibiti "9 

administering thereto , ing comprising 

composition comprising active'Tg"^^ ^-inhibiting amount of a 

ot « i > a — “----iuoie do I; i v i °:: istin9 ■ 

cyclodextrin i„ combination with m ^ f *"l ^ 7 ' 

angiogenesis inhibitor selected / “ 

a latent grovth-inuibitin; d ^ C0Mi «^ =* 

growth-inhibiting oroa ii- o 3 non - ste ^°idal 

characterired by a soi^i"" ““ d «--tive being 
about 20 grams Par 100 nuili-g ltf " a " r ° f at la ast 

^is invention fu-4ei ; " “ ater « «• = • 

“• ^“dogical growth of smooth ° £ inhi *>i«"9 

'-"eluding humans, ln noed of ^ = eU = in -°»als, ‘ 

arises administering there; a 

grorttli -inhibiting amount -of 
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a COE P° s icicn essprisiB, „ 

cvclode^'-i n - . ' e ^ venr 

.cioa.xt.in cerivative; preferab.y , ^ «-er-sol ui: 

cvciodextrin suifat- s^ 7 - . . v erv v^tcr-soi^u 

suifated anicn of e -~ f _ 6SSeRtial iy of the” 

5 ‘"•cn-toxic ph y sioic g i; ali ;;^ s ^^^--ciac ed vi th a 




The erase"*- T~ iil^IGURES 

— - r ^ — * 

10 invention, examples of SDP rV de *cription of the 

and appended figures in WJ?i ^J C eBbodaaents of the invention 

“ e chemical «r-Jctu« of representation of: (A1 

o; the and 

15 fig. 2 (A and bi * these cyclodextrins 

^cio.oxt^ ‘LZLl'zzrr illustrates “= •«- - 

gro« h of w rae “““« <^-TDS, or heparin =n 

aortic smooth <*> =»« 

FIG. 3(A . D . Cloouo culture. 

0 effect of topically adniniMerH'^nt rSPr<>SS!nti3tion of =h* 
«puiary vessel development in th ° n cndota *rn-indu t -ed 

° f (A! Endotoxin alone (i. G ^ 

hydrocortisone alon- , G ' ' ontr °l Group); (B) 
hydrocortisone P 2) ; (c) f-CO-TDS + 

are shown, .el t.r’.or” aBd (D ’ dl °"° <««up 4 , 

fig , !r r ex P®«»«ntal details . 

implantation " 2 ^ ^ ^ “ 

various agents on endoto-in ind w 71001:3 inCOrF ° ratin< ? 
elongation in the ^hbi^ Hilary blood vessel 

(Control Group); ‘ a ^ " ' Endoto ^n alone, 

CAJ - Cortaxolone alone ,~ TDS + Cortexol °ne, (Group 2); 

< Gr °«P - 1 ). See tc,-t fo : I° 10UP 3) '' Qnd tQj “ ^’-c'D-TDS alone, 

f ° r e 3 «Pei-ime nt al details 


6 . 
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sssmso DESCBIPTIOH n , ImnrOT , Tn „ 

i- h .e present inventors searched frr - 
w ,-cnea for a compound other 

!'° Uld n0t ftave th * disadvantages of 

' w '“- ■"‘j'V.n Vuen combined w" ^ ■ , 

- effect ’ ve “ ■°" aroid would be 

*- i , qi . _ * -e* °* pathological cen e - 

** i-iiC^a^i tl g angiogenesis and thp>-of- 
effective, '« nt e- ai - " ' the -ef.— e, would be 

- = ^^~ - cr controlling or e i iminat- , +. 

in =a=Eais, including n-ucans. ~ ? tu "»« 

• , BaIause of th * >=cvn ^ility of cyciodextrins 

10 including d-CD to fort, water soluble inclusion 

steroica, ve attested to care use'of nixtures “ ith 

CDS -with hydrocortisone. However . w “ Modified 

such mixtures had no e~ec- , 0 _ ' " <»««v«ed that 

shown by ExaoDies la- 20 '-„-«‘ “Oogenesis, as 

ZJ liiura, Section 7) . 

15 Quite surer isinc 1 •• • . j.. 

* - - ' " e discovered +•»,•>+. •„ . , 

soluble saii-r „. , , -nc.t highly vater- 

® Salt ' J Ci - ^ydodextrin in combination wirh . 
sued hydrocortisone , were effective for "„“h“ w 

f" — eoa sulfite'' W -CD- 

, co^U^u^T^Z ^ WrdS ' ^ 

cvcl nHn^r ^ . g j >-eroid and a water-soluble 

c/clod extrm derivative is eff-c-ivo * 

cell or tissue gre-^th i- clul - " ‘ or ^ibitmg undesired 

treating tusorr in mammals. 9 ' ana for 

The CD sulfates and oth^r 

; derivatives discussed J. f ' f ~ 1 ' 

reproducible in thcir to be 

membrane -> , w w c ic k chorioallantoic 

rane (CAH) assay described below Thin s 

enjoyed as a model assay to detec- anaio^ ^ 

various substances. (xiagsbrun , t ‘ al activity of 

2i:l0ri97 6)] rpw ' d1- ' Canccr Roc. 

the method desc-io-d par °' e baCch ° :! ° ( d-CC-TDS prepared by 

— -suits ;r t ;: ware — ■*- in - - 

indistinguishable. The rTw, ' C Datche!s «=« 

^idic the ddvantag a ouifeaIu r L U o' er '- 0lUbl<: C ° dorivativcs 

without its di <■■ ldv-ir *• •> *" ° l * ntla ngiognnic heparin 

dl.ad.nn.ages. These tlMim , 9 , 1=0 ^ 
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angiogenesis whan cotbined with a *„<( *' la * u PP««ine 

Ka ha « fund that use of “ J 

u= derivative such as d-CD-TDS together Water - S =i“i>le 

5 ccrpound that inhibits growth ' 3 n »n-*t:«roidal 

— • a cctpjd S;tnh r;:t of — 

antiangiogenic activity ‘ h SCEe 

antiangiogenic activity 'o ^T" 915 ' 

non-steroidal coppcunds include but art' ? “ : 

,0 Proline analogs such as L-2-a-etidinec 7 t0 

a-e^idinecarboxyiic acid, 


such 
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(see, infra, Example 2 4 ) c i«M,w,- 

dehydroprolinc a ~d - * 1 — cxyprolme , or 3 

' nd transret inoic acid. L - 2 _ 

a*.etidmecarboxylic acid u ^ . 

9U ' which description is ^ KerCk under ' Compound 

[See Ingber and Folkuian Lab herein reference, 

description of such non' <- " ^ nvestl< ?. 59: 44 (1983) for a 

are prolinl LlogTr 01 " 1 

25 absn = e °f exogenous ^heparin^have ’ 0 '^ <WhiCh " Che 

io used herein. Th^L^ct -T-noT^ ? rowth - inhib l*i"9' 

, 0 ^ usad — 
J ° roi^tic or a sterol is absent. 

cTCLODcm.r^ ' 

and/or ionic substltu^t- 1 * “ d “' ivati ''‘» faring non-ionic 
5 growth according to n ^ USGtUl £ ° r inhi ki tine undesired 

’ l -° PrCS<!nt invention. .Suitable highly 
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-a.er-sc^.e CD derivatives include a, 5 and 7 CD 

aer.vatxv^ having ncn-icnic substituents including but net 

“* Xyl —tituant, suen as aethyl, ethyl, etc 

reo' aS . tnCSe in VhiGh a nusber of nydrexyl grcucs * — 

5 replaced cy ocher groups so as to inc— ase >,* 

activity c- -o „ urh _ aS ® the hydrophilic 

/ - ww. ouen uxOuds aav inciuHo 

thleutars. tv oat— ~ .... ‘ ' «*-«*. «»«., 

• --arboxylac ac’^s -r- -+.> 

which convey hydrophilic activity by ~ II- * ? ° UPS 

bonding const’’ tuent- o- J polar or hydrogen 

,0 «b.tituticn ” y “! lud9 partial 

the remaining hydroxyl groups^ ' n inV ° 1Vin ^ 

highly hydroohni= 7 d 7 --afo- 1 ^ PreS8nt iw ention are 

viehing to bs zx :::z wn «**><»* 

,5 hydrophilic ch-acte- i<- < ' S a hi ? hl y 

cellular surfaces. ** 

solubi i t ^ ^ ^ k-9Th water 

izzzxs « L*<x~T nt x tot which 

Of the CO structure to 

nn ^ngicganss 1 s with -in ° - 

^ ^ **j.zn an e;cocGnnne j 

invention. We bali« vc - he h n ’ 23 Pr ° Vided by this 
roughly indicated bv' iS 

water solubility. It ic Y ° " a " ar ' as aaasured by 

sinca at hi aha- ^ * ?°rtant uo measure the sane at crc 

25 have scuhlf--;^ F6 ;' at r reS "° St derivative 

difficult. “ S ° 9tl th3t meanini ngful measurements are 

"r::: -**. «». 

highest antiangiegenic activity 0 - thl “n *°° W thS 

30 derivatives appear to v ' 1 the d " CD 

potency is evident at a 111 ' ” 1V= ’ In yenoral, useful 

1—t about . 5 ZxTo • U ° Ulty ' I “ aSUr2d « »•=. Of at 

*«■* about 30 ZZ ml " n di3tlUed « . • 

•'U solubility neasu-' '1°^ pr,£ * rafcl >' a -° u t 10 gm/ioo ml. 
soliobij. i !-•, C ,V, ^- :Qenu - J referred to herein relate to the 
- «u substantially anhydrous derivatives, and 
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when these are salts t~ +-k= 

'very soluble- as ^ ^ Th * *' 

l4Mt U .: 33/100 ~ a — d a* a ^r Uity “ 

^ ls contemplated that verv 
5 derivatives - e ^ i ■ “ ater-soluble CD 

-ea.^ng ionic and/or nnn 

in soae instances „. v . adv,nta,«ou, IZZ'TTT'* 

highly water-soluble derivatives L ’"'"'"''' Al " = - h 
useful , salt derivatives *" 

The phrase 'salt derivative' as n<t ^ 
ionic compound cerived from a CD hv . * ^ aeans * n 

reagent. The preferred sal- d • * iSaCt ^° n Wlth a suitabl 
cvclodex-in >, • ^ derivatives are provided * v , 

cvclodex.rin having substituents selected frZ rs 

consisting of sulfate, phosphate grou P 

15 thereof associated with a non-toxic* ^ * iXtUVes 

acceptable cation. Many of said pref y ^° 1CgicaU y 
knovm compounds. (s«e Tpfr u , errt - derivatives are 

supra). . But many potentially useful f n ^ ' ' 

structurally or chemically of known W ^ variants * 

possess several different substituen^-uc^ ** 

the cyclodextrin proooxyl ° ch as 13 the case o 

-- - - - 

preferred s-ii*- „ * a * some of the 

-rea sal. corns of th. derivatives tl , ... 

potaesim, foras, since these tend to , * ” 4n ' 1 

S to organic anions. Th e sa nirVT^ 

herein will exibit electrolv-i ^-^derivatives useful 

properties characteristic of '’eLctrcIy-er^ ° S "° ti ' J 

polyelectrolytes when in aqueous solution a par- • , 

preferred si in h,v- . uon ' A Particularly 

(f-CD-TDS). ^ Va 1V ° 13 ^~ c y cl - 0 devtrin tetradoca sulfate 

pr. £ ; r J lnv * nti ° n - fl - CD salts arc ‘ 

be eaploved sucl/as °‘ 3Ul£ation pur ^lucese unit can 

- glucose uniis “f t ^ °* ^ SUl£a “ *roup per two 

WO _u rate groups per glucose unit. 
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Cyclodextrins having about two sulfate groups per glucose 
unit are preferred. Especially preferred is 0-CD-TDS which 
has an average of two sulfate groups per glucose unit. 


6.2. STEROIDS AMD SOH-5TEROZDAL ORGANIC C 




10 


Among the steroids which are effective and can be 
utilized in the presently claimed invention are the 
following : 

17 alpha, 2 l-dihydroxy-4 -pregene-3 , 11, 2 0-trione and its 21- 
acetate (or cortisone) ; 

11 alpha, 17,21 -trinyaroxypregn-4 -ene— 3 , 20-dione (or 11 alpha 
hydrocortisone) ; 

11 beta, 17 alpha, 21-trihydroxypregn-4-ene-3 , 20-dicne (or 
hydrocorrosone) ; 

15 17 alpha, 2 l-dihydroxypregna-4 , 9 (11) -diene-3 , 20 -dione; 

15 alpha, 17 alpha, 2 l-trihydroxy-4 -pregnene-3 , 20-dione; 
j. 6 alpha, 17 alpha, 2 1 — tnhydr oxy — 6 alpha— niethylpregn— 4— ene— 

3 . 20- dione-2 l-acetate-16 , 17 cyclic ketal of acetone; 

6 alpha- fluor o-l7 alpha, 21-dihydroxy— 16 beta-methyl -pregna- 
4,9(11) -dinene-3 , 20-dione; 

6 alpha -rluorc- 18 alpha , 21-dihydroxy— 16 beta-methyl -pr&gna— 
4,9(11) -diene-3 , 20-dione-17 ,21-diacetate ; 

6 beta, 17 alpha, 21-trihydroxypregn-4-ene-3 , 20-dione ; 

17 alpha, 21-dihydroxypregn-4-ene-3 , 20-dione-21-acetate? 

17 alpha, 2 l-dihydroxypregn-4-ene— 3 , 20-dione (or 
Cortexolone) ; 

9 beta, 11 beta-epox" -17 alpha, 2 l-dihydroxy-2 alpha- 
aethylpregn-4-ene-3 , 20-dione-2i-acetats ; 

17 alpha, 21-dihydroxy-l6 alpha-methylpregn-t-ene-3 , 20-dione; 
9 alpha, li beta-dichloro-17 alpha, 21-dihyd.roxypregn-4-ene- 

3 . 20- dione-2 1-acetate 

~7 alpha, 2 l-dihydroxv-6 alpha, 16 alpha-dimethylpregn-4- 

ene-3 , 20 -dione- 21 -acetate; 

17 alpha, 21-dihydrcxy-is alpha-methylpregna-4 , 9 ( 11) -diene- 

3 . 20- dione— 21-acetate ; 
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17 alpha. 2 l-ciihydroxy -16 beta-oethylpregna -4 sail di. 

3 . 20 -dicne- 21 -behtoate; 9 ' m) diana- 

‘ !"; h r d flU ° r °' 17 3lpha ' 21 - dih ^--y-le beta-methylpregna- 

aJ-d.e.da^^o-dione-lT-acatata^i-oanaeaae.- 
5 :i , a ' Pna ' b«a-«th ya p r eg na -i,4,9Ui,- 

ene '* 3 ' 70-aicns ~17-succinats sodium mouohydrate- ' 

9 a J.pna— f luoro- 1 i hpfa £ , . ' 

n „„ , " ' 16 alpna ' 17 alpha , 21-tetra-vd 

pregn-4-ene-3 , 20-dione-i6 , 2i-diacetate ; ‘ "~‘ 

17 alpha, 21 -dihydroxy -16 alpha-mathylprsgna-l, 4 , 9 p , , - 

s^Tr ' 2 °’ dl ° na ~ 21 ‘ SUCCinate S ° dl ™ mon °hydrate ; 

, i “[rvr- ^-^ y x- P r^- 

*' ' triene-3,20-dione-21-succinate sodium- 

desoxycorticosterone ; 
testosterone ; 
estrone ; and 
tetrahydro s. 

More preferred are those steroids uhirh i 

“;r id 2nd activity, "since such 

extent I, “=asired effect and limits the dose size o- 

invention “L"' ^ Ster ° ld f " PUrp ° se ° f the Present 
'7 21 t!ihvd 5 SUCh "°” Ster=id3 *« 11 aloha, 

- ,21 t-inyd.oxypragn-4-en.-3, 20 -dione (or 11 *i pha - 

. ^ r j d0rtlS ° na ^ 17 al Pha, 21 -dihydroxypregn- 4 -ene- 3 , 20 -dione 
C-l-desoxycortisol or Cortexolone) , and 17 alpha, 21 - 
d-nydroxypregna-4 ,9(11) -diene-3 , 20 -dione. 

- NCnS ° f the . st eroids themselves effectively inhibit^ 

9 0ge : eS1S “ regression of t^ors in the absent 

t:„;r Molubi * =yci ° d ^ in da — - - — 

• , . AS taught °y the Present invention, the grovth- 

^ t0rY accivity of non-stcroidal organic compounds is 

- >- n, "^ ated by ccai3 ination with a water-soluble cyclodextrin 

a*_ive . Among the non-steroidal growth-inhibiting ■ * 

crgamc compounds which are effective and can be utilized in 
presently claimed invention are the following: proline 
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analogs such as L -2 azetidinecarboxylic , cishydroxyproline, 
and 3 , 4 -dehydroproline and transretinoic acid acid. 

Additionally, any non-steroidal organic compound which 
in combination with a cyclodextrin derivative demonstrates 
5 growth . inhibiting activity in either of the bioassavs 
described below can be utilized in the methods of the 
presently claimed invention. • 

Several bioassays have been developed to estimate the 
angiogenic-inhibiting potency, if any, of a substance. The 
10 rabbit cornea is the basis of one of these methods. The 

cornea is avascular. A small pocket can be made in it and a 
tumor implant can be inserted while the rabbit is 
anesthetized. The tumor is separated from the vascular bed 
of the host. New capillary blood vessels will grow in a 
15 linear manner toward the 'tumor, and the rate of vessel growth 
can be measured. [For a more detailed description of this 
assay, see, Giabrone et ai., J. Nat'l cancer Inst. 52:413 
(1973) incorporated herein by reference]. 

A more economic bioassay makes use of the 
20 c ^ or tcal lantoic membrane of the chick embryo. This test will 
for convenience be referred to hereinafter as the "CAM 
assay". For a more detailed description of the CAM assay, 
see r oilcan et al . , Science 221 : 719 (1983) , incoroorated 
herein by reference. A typical CAM assay, such as used for 
25 ths evaluations in the examples in Section 7 , infra, emplovs 
16 eggs per experiment. A 2 nun ’diameter disk of 
methylcellulose containing the test substance is applied to 
the chorioallantoic membrane of a 6 -day chick embryo, 
cultured in a Petri dish, in a humidified . incubator with 3 % 

30 c a ^ ° n uioxice. Two days later ( 8 -day embryo), the membrane 
is examined under a stereomicroscope at six— to tan— fold 
w^gniiiCciuion. Inhibition of angiogenesis by the test 
aubsuar.ee is evidenced by the development of an avascular 
zone around the methylcellulose disc. An avascular zone of 4 
35 ^ ^ graded as (-r-r) and an avascular zone of 2 nm is graded 
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at < + ) . The potency of the inhibition at the 2 mm and 4 m 
zone (s ) are expressed as the percentage of the total number 
of eggs (usually 16) in the test that were rated (++) or (-) 
i.e., the % of 'successes" . A rating of zero % reflects 

5 absence of inhibition of the test substance under the test 
conditions. 

The sustained release methylcellulose discs are 
prepared by dispersing appropriate amount (s) of the test 
substance of substances in an 0.45% aqueous solution of 
methylcellulose, and depositing lo microliter aliquots of the 
resulting solution in a Teflon mold, . followed by air drying 
for about one hour in a laminar flow hoed. 

A very advantageous feature of the CAM assay is the 
very high sensitivity of the chick embryo to toxic 
15 substances. Moreover, the lack of toxicity of a substance in 
the CAM assay has been correlated with lack of toxicity of 
such substance when administered to other animals. 


10 


6 • 3 • APPLICATIONS AMD METHODS OF USE 
20 _ The composition of the present invention is useful for 

inhicit.i.ng undesirad cell and tissue growth, including 
angiogenesis. of course, the composition of the present 
invention comprising a water soluble derivative of an a-, 6- 
or 7 -CC and a steroid is to be administered to mammals 
25 including humans in need of such treatment. For example, 
mammals with tumors are in need of treatment with the 
composition of the present invention. While not completely 
understood, it is believed that treatment with the 
composition of the present invention inhibits the creation of 
30 n<2r/ capillaries necessary for tumor growth. This results in 
the tumor having an insufficient supply of nutrients 
essential for its growth or even for its vitality. Thus, 
tumors in mammals including humans, when treated in; 
accordance with the present invention, do not. grew and may 
35 even lose their vitality and die. Among the tumors 
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contemplated as responsive to the composition and methods of 
this invention are Reticulum Cell Sarcoma, Lewis Lung 
Carcinoaa, B-16 Melanoma, and Bladder Carcinoma, etc. 

Neither mature non-growing hlccd vessels nor vascular 
5 tissue appear to be affected by the treatment with the 
composition of the present invention. Inhibition of 
angiogenesis in accordance with the present invention, in 
addition to its erfect upon tumor regression and metastasis 
in tumor-bearing animals, may be effective in treating a 
10 number of other ailments. 

The present invention further provides a method for 
treatment Oi a nu mb er of other non— tumorous disorders which 
are characterized by pathological cell or tissue growth, 
including angiogenesis. Thus the invention provides a method 
15 for treatment of mammals, including humans, afflicted with a 
number of non-neoplastic pathological conditions including 


20 
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rh sum 2 . to id. 2 a «= in wh -j i __ _ j 1 1 
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c-esw^oy jomu cartilage; hemanogiomas , in which abnormal 
capillary proliferation appears in newborns and can persist 
for up to 2 years; angiofibromas which develop in the 
nasopharynx; psoriasis, in which excessive proliferation and 
shedding may be dependent on abnormal capillar/ growth in the 
dermis. Additionally, the present invention provides a 
method for treatment of. a number of ophthalmological 
pathologies which a;i associated with undesired angiogenesis, 
including diabetic retinopathy, retrolental' fibroplasia and 
neovascular glaucoma. 

The present invention furcher provides a method for 
inhibiting undesired smooth muscle cell development often 
obse_ /ed following angioplasty or treatment to remove 
atherosclerotic plaques which occ 3 ”de blood vessels. 


according to one embodiment of the method of the 
present invention, the active agents are mixed together pri< 
to administration so that the steroid compound or non- 
3 5 ^te^oidal grow-th-inhibiting compound is administered in 
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combination with the water-soluble cyclodextrin derivative 

After the mixture is prepared, it may be administered orally 
or parenterally including, inter alia, topical application, 
intravenous, intra-arterial or subcutaneous injection, and 
5 including absorption as well as injection and introduction 
ir*w 3 bcdy apertures cr orifices. 

Cortisone and its physiologically accepted non-toxic 
derivatives, such as the acetates, as well as many other 
steroids useful in the present invention, are only slightly 
1Q soluble in water. However, when combined with the water- 
soluble cyclodextrin derivatives of the invention, the 
resulting complexes have increased water solubility. 
Accordingly, the composition of the present invention can 
easily be administered. The term 'cortisone- and 
15 ' h y drocort i s °ne' and ll-o isomer of hydrocortisone as used in 
the present specification and claims are intended to include 

hO't'Vl +“ H cr o v-^s -I 

~ — uiciubeives ana rneir derivatives and 

structural variants. 

According to an alternate' embodiment of the method cf 
20 the invention, the active agents are each administered 
separately and the combination of the two agents forms in 
vivo. in this embodiment, the two active agents can be 
introduced separately either via the same or different routes 
of administration, so long as both agents are thus present 
25 simultaneously in vivo , permitting a complex mixture of rhe 
two active agents to form. 

Dosages employed are limited only by the well-known 
limits of the administration of drugs individually for their 
sual ef _ects , in _r.e case of cortisone, hydrocortisone, or 
ig i om_r. Since ^he CD derivatives useful herein have no 

anticoagulant effect and show no toxicity in the CAM test at 
dosages employed according to the method of the invention 
(see below) , they may be administered percutaneously in 
dosages at least as large as those acceptable for heparin. 

5 Oral dosage may be considerably higher. Simple testing, for 
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example by the procedure of Example 3 in U.S. Patent 
Application Serial Number 641,305, filed August 16, 1984, 

suffices to determine effectiveness and optimum dose. The 
procedure of Example 3 is incorporated herein by reference. 

5 'The dose mount required to bring about arrest of 

tumor growth or regression of tumors varies depending upon 
the identity of the tumor, as does the length of time 
required to bring about arrest or regression, cf tumors . 

Tumor size at the beginning of treatment also affects the 
10 length of time for complete regression. Because 

administration of cortisone, with or without /3-CD-TDS (Na) , 
for example, may result in pulmonary infection after a number 
of days, it may be desirable to administer a suitable 
antibioric as prophylaxis during treatment in accordance with 
15 present invention. Such antibiotics can be mixed with 

the water-soluble cyclcdextrin derivative and the steroid or 
non-steroidal growth-inhibiting agents of the invention and 
administered as a mixture or, alternatively, the antibiotics 
can be administered alone contemporaneously with the water- 
20 soluble cvclodextrins and growth-inhibiting agents of the 
invention either by uhe same or a different route of 
administration. 

As shown in Table I, infra Section 7, it appears that 
a weigh” ratio greater than about 2:1 or a molar ratio of 
25 9 ^® 3 ter than about 0.4 of water-soluble CD derivative to 
steroid leads to a decrease of antiangiogenic activity. 

The preferred molar range and the molar ratio of CD 
derivative to angiostaoic agent (steroidal or non-steroidal) 
is 0.004 to about C.7. A more preferred useful range is 
30 aAjQu w 0.04 to about 0.7. The latter range is particularly 
useful in topical applications, including as eye droos for 
ophtalamological uses. The amount of ar.giostat will . 
generally be of tne orcer of 0 . l to 10 mg/ml when admixed 
with tne CD derivative, r.owever, the absolute amount: may 
35 depend or. the mode and frequency of administration 
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The effective compositions of this invention are be- 
administered m a suitable carrier, which must be nor-tox<c 
and physiologically acceptable, such as water or normal 
saline solution. Compositions containing mixtures of the 


-5 active agents cr each of the active agents al 
or tn a suitable carrier, can be enclave.*-) 

- * 4 ~ “ 


one, either dry 


EXAMPLES 


The following examples are provided to illustrate this 
;0 invention. However, they are not to be construed as limiting 
tne scope ct the invention, which scope is determined by this 
entire specification including the'appended cla<-s A’ < 
amounts and proportions shown are by weight unless 
explicitly stated to be otherwise. for the CM. „„„ 

15 noweve. , , refers to tne number of "successes". (See Section 
6 • 3 , above) . 

Examples 1 CA-m 

This example illustrates the best mode known to us fo- 
20 Preparing and purifying cyclodextrin sulfates. The method is 
not per se considered part of the present invention. 

jA) B CD-TDSfNa) : 

cyclodextrin (99% pure dihydrate) was purchased from 
25 emalog (a division of General Dynamics Corp.), South 
Plainfield, New Jersey. 

5.0 grams of p-cyclodextrin (4.4 mmoles, i.e., about 
meg -OH) was dissolved in 250 al of dimethyl formamide 
(DMF) to this solution was added 15.0 grams of (CH.J.N-SO 
30 (108 mmoles) in a single portion and the reaction mixture was 
eated to 70*C. After two hours at 70*c, a gummy material 
began to precipitate. The reaction mixture was maintained at 
70 C with vigorous stirring, and then cooled to room : 
empe.au.ure. The DM.- layer was then decanted and discarded, 

35 and the solid residue was dissolved in 250 ml of water 
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followed by addition of 75 ml of 30% sodium acetate. The 
aixture was stirred vigorously lor 4 hours and then poured 
into 4000 ml of ethanol. After standing overnight, the 
“‘i^'-J-i-s wa& j.il wared to recover the crystallized solids. The 
5 filter cake was washed with ethanol (absolute) followed by 
diethyl ether. The product was then dried under vacuum over 

‘2^5’ "i -0 * 2 grans of vnite powder was recovered. The product 

vqs hy^rcsccpic • 

The produce was analyzed under conditions such that 
10 sor ption of water was minimized. Elemental analysis gave the 
following results: C=iS.S4, n=2.65, S= 17.33 (Calculated for 

C 6 H 3°ll S 2 Na 2 ; C=13 - 67 ' H=2.19, S=17.49). (a] 22 =75* (C=2.63 

in 0.5 M NaCl) . The analysis corresponds to that expected 
average substiruoion of two hydroxyl groups ^cr each 
15 9l u c°pyranose unit, i.e., 14 hydroxyls per CD molecules. The 
calculated yield for such £-CD-TPS salt is 10.96 grans, about 


ft % Vi tiisn 


• Vs r» « w . _ J ^ /s -» 

-**w wwoc. veu xu * j y rums 


(3) a- and 7 -CP-S (Na salt) : 

20 procedure described above was used for these 

preparations except that 86 mmoles of CH 3 N-S 0 3 was used with 
a-CD, and 117 mmoles with the 7 -CD. 

The sulfated a-CD salt analyzed C=18.76; K=2.60; 
S-16 * 22 * This corresponds on average to a substitution of 
25 about 11.7 hydroxyl units per a-CD molecule. 

The sulfated 7 -CD salt analyzed C=18.92; H=2.69; 
S=14.84. This corresponds on average to a substitution of 
aoout 14 hydroxyl groups per 7 ~CD molecule. 



mm 


30 i£l 3 CD-50 , (Na salt) (7.1 vt% S) : 

1.0 gm of 5 -cyclodextrin was dissolved into 50 mi of 
Dj'LF. To this solution was added 883 mg of (CH 3 ) 3 N*SO (7.2 ' 

equivalents). The solution was held at 75’C for^ hours, at 
which time no precipitate had formed. The reaction mixture 
35 was cooled to room temperature. To the solution was added 
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ml of ethanol . The reeulting colloidal solution was then 
poured unto 600 =1 of diethyl ether. A white solid forced in 
2 hours. The solid was collected by filtration and then was' 
dissolved in 30 cl H^o. This solution was stirred for 2 ' 

5 hours. After stirring, the solution was poured inco 9 oo cl 
Of a-2:l TtCH-ct,0 solution, crystals f Gr2ed ov . r an . 

period. The crystals were collected and washed with Et.o. * 

The product ves dried ove** ° <■* . . .. _ - 

e * *2 V 5 ~ ,der vs cuun. i.is gs of 
powaer was recovered. ( 72 . 4 % yield). 

10 Elemental analysis of the product showed c= 32 . 49 ; 

H-4.99; and S=7.06. This corresponds on average to a 
substitution of about 3 . s' hydroxyls per j-cd molecule . 

XP) 5-CD-Propoyylate *14 S O 

15 ^~CD~ (hydroxy-n-propyl ethej) was obtained from 

American Maize-Products Co. (Hammond, IN) and the procedure 

described n C o^ +-^ 

— uie suxrare salt, 5-CD- 

(-4Pr-14 SO, ) . 

4 

2o £xa3p lss 2-15 

In these examples the angiogenesis-inhibiting potency 
of hydrocortisone with various dosage levels of 0-CD-TDS 
prepared as in Example 1 was evaluated by the CAM assay. The 
hylce^lulose discs all contained 60 jig of the steroid but 
25 the ^ CD-TDS was varied from 100 M g down to 0.05 M g. The 
results are summarized in Table I. As can be seen from the 
data, angiogenesis inhibition persists with extremely low 
levels (0.05 „g) of the CD compound with no evidence of 
activation of angiogenesis at two thousand-fold higher 
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Exanole No. 


TABLZ I 


Hydrocortisone 

uq 


3eta-CD-TDS 

yq 
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CAM Assav 


5 

2* 

60 

100 


57 


3 


50 

60 

nn 

^ w w 


4 

zr 

50 

22 

55 


5 

x 

25 

10 

60 


6 

J 9 

25 

13 

55 

10 

7 

m 

10 

40 

70 


S 

rr 

10 

6 

40 


9 

# 

5 

0 

50 


10 

XT 

1 

0 

50 


-L J_ 

& 

1 

0 

42 

15 

12 

Xt 

0.5 

0 

40 


13 

■ a 

0.1 

0 

45 


14 

r* 

0.1 

0 

37 


15 

Of 

0.05 

0 

20 


In contrast with these results, CAM tests aade with 
100 pg of a-, p— or 7 - cyclodextrin with 50 pg of 
hydrocortisone all showed total absence of angiogenesis- 
inhibition [no successes at either the 1 nun zone ( + ) or the 2 
25 ram zone (++) level]. ' 


Examples 10-17 

Examples 16 and 17 illustrate the low, but useful, 
activity afforded by the sulfated c-CD and 7 -CD as shown in 
20 Table II. Date for Exaaples 5 and 6 are included for 

comparison . All tests were made with 25 ^g of the indicated 
CD sulfate and 50 p g of cortisone. 
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TABLE II 


ExamDle 

No. 


Sulfur, 

wt% 


3 16 
17 


Alpha 

Ganrna 

8eta-CD-TDS 

3er.a-CC-TDS 


CAM Assav 

(+) F=T 

_J % 


16.2 
18 . 9 

17.3 

17.3 


3 
15 
50 
5 5 


0 


15 


10 


Examples 18-22 

This group of examples shows that .the angiogenesis 
suppression activity requires, aside from the charact— isti- 
complexing activity of the CD structure, a high water 
solubility. The CAM assays were made with a dosage of 50 pg 

to 60 pg of hydrocortisone in 10 pi of 0 . 45 % methylcellulose 
m water. 

Iii order to make comparisons that included the verv 
in * ater ~ soluble CD sulfates, the solubilities of which were so 
high at room temperature that measurement was not practical, 
all solubility measurements were made in liquid water at zero 
*C. One can picture this to be a measure of the competition 
of the hydrophile bonding with water in relation to the 

bonding of water to itself. These comparisons are 
25 summarized in Table III. 

Examples 13, 19 and 20 describe the results for the 
unsubstituted CDs, which gave no indication of angiogenesis 
suppression activity in the CAM assay. Example 21 shows the 
results for a sample of propoxylated /j-CD (hydroxv-n-prcpyl 
ether) obtained from American Maize-Products Co. (Hammond, 

IN) , reported to have an average of about 4 hvdroxypropyl 
groups per CD molecule. Examples 22 shows the results . - 

obtained with the less sulfated £-CD product from Example 
1(C) above. The results for Examples, 16, 17 and 5, 
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5 No. 


Com- 

pound 

a-CD 

i-CD 

7-CD 


Cc:ic. 


0—CD— 
prcpoxy- 
lated 
(- 4 Pr) 

5-CD-14M-3 
(- 14 Metb 

8-CD- ' 

(- 7 SC 4 ) 

CD 

(- 4 prc- 
poxylated) 

(- 14 S0 4 ) 

a-CL 


^ — CD-TD3 100 


TABLE III 
CAM Assays 


uq/10 ul Examples 

100 27 

25 20 

100 29 

25 23 

100 


Avascula: 

zones 

5+0.3 

0 

0 

0 . 04 

0 


Solubility , 

0 * C, 

n/100 al h.o 


Insufficient 


100 
n c 

52 

29+10.5 

20 


50 

31+ 9.7 

20 

100 

57 

22 + 5.7 

3 O-L 

25 

37 

2 0 + 4.2 

32 + 

100 

25 

20+ 9.6 


25 

27 

8 + 3 . 1 

i. 

13 

25 


37 

39 

100 

40 

17+ 4.7 

36 

25 

25 

4+2.7 

36 

100 

19 

3 2+ 5 . 3 

33 

25 

20 

19+ 1.7 

33 

100 

101 

55+ 7.5 

42 

50 

75 

75+ 5.3 

42 

25 

107 

58+ 7.0 

42 

material 

available 

for solubility 
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Example 2 3 

This example illustrates that Ccrtexolone with ,5-CD- 
TDS is an exceptionally effective antiangiogenic ccmpcsition 
Ccrtexolone is closely related to .cortisone chemically. 

5 However, it- possesses almost none of the functions of 
cortisone, except for the antiangiogenic effect in the 
presence of heparin. 

Cortexolone, 50 til/10 pi alone, gave zero % avascular 
zones in the CAM assay. 

0 At the same dosage level, with 25 pg/10 pi of d-CD- 

TDS , the CAM assay showed 85% avascular zones of which 31% 
are (+•■*■) or greater. 


5 Example 24 

This example demonstrates that the angiostatic activity of 
L- 2 -azetidinecarboxylic acid, which has some inherent 
angiostatic activity , is strongly potentiated by the presence 
TDS . The results of the CAM assay, in the absence and 
) presence of CD-TDS, are given in Table IV, Examples 24(a) and 
24(b), respectively. 


li 

I 

1 

1 


& 


tsm. 




Ip" 


$ 

$ 





B&v 

m 






MMT-. 

life 


m 


us* 

nig 

m 


r 








■ ”-2 8 - ” 


WO 89/05536 


FCT/US89/00175 


TABLE IV: L-2-AZZTIDINE 

6 *?/^ iil. tig CD— TPS % Avascular Zon^ s 

5 (a) L-2-Azetidine 400 

(b) L-2-Azetidine -400 


0 

25 


.LOO' 


* 

50% of these avascular zones were 
i.e., the largest avascular zones 
than 10 am. 


? + , and 25% were 3 -;-, 
fevsr observed, greater 


10 


Example 25 

This example demonstrates the /5-CD-TDS is about three 
times as effective as whole heparin in suppressing smooth 
15 muscle cell (SHC) growth when each is used alone (i.e., 
without exogenous corticosteroid or other supplementation) . 
The .bioassay of this activity was made using tissue cultures 
of rat aortic SHC and calf aortic SHC, with dosages ranging 
from 0.03 pg/mi up to 400 pg/ml. 

20 The results are shown graphically in FXG. 2(A) and 

(B) . 


Exaap 1 e 26 


25 


30 


This example demonstrates that topical administration 
-a-C-TDS in combination with hydrocortisone effectively 
inhibits neovascularization in the cornea. 

The rabbit corneal test described by Perlin, Fed. 

Proc. 3ji:ioi (1977) modified as described below, was employed 
to examine the effectiveness of a combination of /3-CD-TDS and 


hydrocortisone. In this corneal test, a sustained release 
polymer impregnated with bacterial endotoxin was first 
implanted in raboit corneas . Endotoxin slowly released from 
chis implant induces angiogenesis in the cornea in a manner 
analogous to the neovascularization observed in patients 
rejecting a corneal transplant. Rather than employing a 
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second inplant containing the test substance to deliver such 
test substance as generally used, in the present experiments 
^he test subsoai.ee was app.ii.ed topically to the cornea i e 
m the t era of eye crops. Animals . having received an 


e endotoxin-containing implant were divided into four groups 
and were urea_sd cy topical application (eye drops) as 
follows : 

Group l, was not treated further and served as the control 
group; Group 2, received hydrocortisone alone (0.5 mg/ml) ; 

10 w>roup 3, hydrocortisone-2 1-phosphate and £-CD-TDS, (0.5 mg/ml 
and x. 0 ng/al, respectively;; and Group 4, ^-CD-TDS (1.0 - 
mg/ml) . The diluent for the eye drops was saline in all 
cases. FIG. 3 (A-D) illustrates the results typically 
obtained on the 9th day post-implantation and treatment. 

5 As shown in the photographs of FIG. 3, a combination 

of hydrocortisone and ,5-CD-TDS when topically applied to the 
cornea was very effective in inhibiting angiogenesis (FIG. 

3C) . The efficacy of this treatment is particularly apparent 
when the results obtained are compared to those observed in 
0 the untreated or control group (FIG. 3C vs FIG. 3A) . in 
faCw, m animals treated with hydrocortisone and ^-CD-TDS, 
capillary grevrth was not only inhibited, but also new 
capillaries which had formed before initiation of the 
treatment regressed (FIG. 3C) . on the other hand, 

5 h y droc °rtisone alone produced only a slight inhibition of 
angiogenesis (FIG. 3B) . ,3-CD-TDS alone caused a slight 
stimulation of angiogenesis (FIG. 3D). 

in another series of experiments, the antiangiogenic 
activity of a water-soluble cyclodextrin salt derivative in 
3 with cortexolone was evaluated using the rabbit 

cornea test as described by Gimbrone et al., j. Nat'l Cancer 
^nst. 52=413 (1974). m these experiments, coli endotoxin 
p<3/-m ) incorporated into sustained release polymer 
pellets of ethylene vinylacetate copolymer [Elvax, Sigma 
; Chemical, St. Louis, MO (hereinafter 'Elvax-)) was imDlanted 
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between the vascular linbal edge of the rabbit corneas. 
test substance (s) were administered by means of a second 
tlvaw implant incorporating the particular test substance. 

Eivax containing endotoxin was implanted into the 

=; corners of 1 ^ *- <- , 

. ***e animals were then divided ir.rc 4 

groups, and' 4 eyes were treated for' each group as follows- 
Group i, received no further treatment and served '.^ths ' 
control group; Group 2, ^-CD-TDS at 15 pg/oa 3 £i V ax £ - . 

Group 3, cortexolone at 30 „g/mm 3 Elvr./ pellet? ir.d GrouH 
a combination of f-CD-TDS and cortexolone incorporated into' 


an Eivax pellat at a final concentrati 

of fl-pn-Tnc j 3 


on of 15 pg/ 3 ua J Zivax 


of ^-CD-TDS and 3C .g/mm 3 Eivax of cortexolone. The vessel 
length of new capillary growth was assured every 2 davs with 
a slit-lamp stereoscope at 10X using an ocular grid 
15 calibrated to + c.i aa,- 

Heasurenent of vessel length alone underestimates the 
extent of antiangicgenic activity because such measurement 
does not assess capillary density. Thus, the vessel density 
was also evaluated and graded using the following scale: o=no 
20 vessels/cornea; 1=1-4 vessels/cornea; 2=5-20 vessels/cornea ; 

3 20-50 vessels/cornea; and 4 -more than 50 vessels/cornea. 
This grade was then multiplied by mean maximal length of the 
vessels to obtain a semi-quantitative estimate of vessel 
density .length-density index) for each cornea. Results 

25 obtained are graphically illustrated in FIG. 4 and tabulated 
in Table V. 

As demonstrated in FIG. 4, the largest difference 
between treated and control corneas was observed on day 13 
after implantation of the Eivax pellets. The mean vessel 

10 lengths and vessel tensity observed on day! 13 are listed in 
Table V. 
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TABLE V 

INHIBITION OF ANGIOGENESIS IN CORNEAS 


5 


Vessel Length 
jg Vessel Density 


Inhibition (% of Untreated Control Group 


6 — CD— TDS 
Cortexolone 


Correxoione 

Alone 


5-CD-TDS 

Alone* 


18% 

S% 


49% 164% 

61% 303% 


Percentage greater than 100% represents stimulation of 
vessel development. 


1 . As shown in Table V, a combination of £-CD— TDS and 

ccrtexolone inhibited linear capillary blocd vessel growth to 
about 13% of that observed in untreated eyes. When capillary 
density was estimated, this combination suppressed vessel 
density to about 8% of that observed in untreated eyes.' In 
20 contrast, as shown m Table V, whan • administered alone, 

cortexolone inhibited linear vessel growth only to about 49% 
and vessel density to about 61% that observed in untreated 
eyes. Surprisingly, as further demonstrated in Table V, 
administration of ^-CD-TDS alone, stimulated vessel growth by 
25 about 164% and vessel density by about 303% above that 
observed in untreated ayes. 

Based on these results, Lt is clear that 
administration of a cyclcdextran salt derivative in 
combination with a steroid according to the present 
30 invention, is an effective method for inhibiting angiogenesis 
in ophtha lino logical tissues. 
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WHAT IS CIAIKZD IS : 

1. A composition for inhibiting undesired cr 
pathological cell or tissue growth, including angiogenesi- 
in aaaaals, including humans, comprising (i) a derivative" on 
a-, S- or 7 -cyclodextrin in combination with (2) a latent 

inhibiting staroid or a non— steroidal — — ~vt'i— 
inhibiting organic compound, in which the derivative is 
characterized by a solubility at o*c in distilled water at 
least about 20 gm/ml of water. ' 


2. The composition according to claim i. .in which th 
derivative of c-, 3 - or 7 -cyclodextrin is an anionic salt 
de.ivai._ve of said eye led ext r in having substituents selected 
15 from the group consisting of- sulfate, phosphate, carboxylate 
and mixtures thereof associated with a physiologically 
acceptable cation. 


3. The composition according to claim 2, in which 1 

20 derivative of a-, 3 - or 7 -cyclodextrin is a cyclodextrin 
sulfate. 

4. The composition according to claim 3 , in which the 
cyclodextrin sulfate is £-cyclodextrin tetradeca sulfate. 

25 

5. The composition according to claim 1, in which the 
ste_oid has 17-alpha and 21-hydroxyl groups, 3 - and 20-one 
groups and j.n the 16 -position hydrogen, hydroxy or a methyl 
group and non-toxic, physiologically acceptable carboxylates , 

30 acata l.- ketais and phosphates thereof. - 

6. The composition according to claim 3, in which the 
steroid has 17-alpha and 21-hydroxyl groups, 3- and- 20-one 
groups and in the 16-position hydrogen, hydroxy or a methyl 
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group and non-toxic, physiologically acceptable carboxylates, 
acetal, Jcetals and phosphates thereof. 


pa 
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7. The ccspcsitien according to clain 4, in which the 
5 steroid has 17-alpha and 21-hydrcxyi groups, 3- and 20-one 
groups and in the 15-positicn hydrogen, hydroxy or a rethyl 
group and non-toxic, physiologically acceptable carboxylates, 
acetal, jcetais and phosphates thereof. 

i 0 8 - The composition according to claim 7, in which the 

steroid is cortisone, hydrocortisone or cortexolone. 






9* The composition according to claim 1 , in which the 
non-steroidal growth-inhibiting organic compound is L- 2 -" 

15 azemidinecarboxylic acid and the derivative of cyclodextrin 
is a cyclodextrin sulfate. 

10. A method for inhibiting undesired or pathological 
cell or tissue growth, including angiogenesis, in mammals, 

20 ^ nc - uti ^ n< 3 humans, comprising administering to a mammal a 
growth— inhibiting amount of active agents consisting 
essentially of ( 1 ) a derivative of a—, / 3 — or 7 — cyclodextrin 
in combination with ( 2 ) a latent growth— inhibiting steroid cr 
a non-steroidal growth-inhibiting organic compound, the 
25 der i va tive being characterized by a solubility at 0*C in 
distilled water of at least about 20 gm /100 ml of water. 

11. A method for inhibiting angiogenesis in mammals, 
including humans, comprising administering to a mammal an 

20 angiogenesis -inhibiting amount of active agents consisting 
essentially of (1) a derivative of a-, or 7 -cyclcdextrin 
in combination with ( 2 ) a latent growth-inhibiting steroid or 
a ncn-steroidal growth-inhibiting organic compound, the 
derivative being characterized by a solubility at 0*C in 
35 d i s tilled water of at least about 20 gm /100 ml of water. 
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12. The method acording to claim lo, in which the 
derivative of - or 7-cycicdextrin is a salt consisting 
essentially of an anionic derivative of a cyclcdextrin hav-g 
substituents selected from the group consisting of sulfate, 

5 pnosphate, carbcxylata and mixtures thereof assocated with a 
ncn-tcxic physiological ly accetab 1 ® cap * 1 

13. The method according to claim 12, in which the 
salt of a-, ; 3 - or 7-cyclcdextrin is a cyclodextrin sulfate. 


14. The method according to claim 13, in which the 
salt is 5-cyclodextrin sulfate. 

15. The method according to claim io, i n which the 
15 steroid has 17-alpha and 21-hydroxyl groups, 3 - and 20-cne 

groups and in the 16-position hydrogen, hydroxy or a methyl 
group and non-toxic, physiologically acceptable carboxylates, 
acetal, ketals and phosphates thereof. 

20 16 ’ The method acording to claim 10 , in which the 

steroid is cortisone, hydrocortisone or cortexolone. 

17. The method according to claim 10 , in which the 
non steroidal growth- inhibiting organic compound is l- 2 - 
25 azetidinecarboxylic acid. 

15. A method for inhibiting the pathological growth 
of smooth muscle cells in mammals, including humans, 
comprising administering to a mammal, a growth-inhibiting 
30 amcu n w of a derivative of q— , , 9 — or 7 — cyclcdextrin , the 
derivative being characterized by a solubility at 0*C in 
distilled water of at least about 20 gm /100 ml of water. 

19 . The method according to claim 18 , further 
25 comprising administering an amount of a latent growth- 
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inhibiting steroid or a ncn-steroidal growth- inhibiting 
organic compound, the derivative being characterized by a 
solubility at 0*C in distilled water of at least about 20 
gm/100 ml of water. 
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